The effect of ultrasound-assisted extraction (UAE), microwave-assisted extraction (MAE) and conventional extraction (CE) on the extraction of biologically active compounds from Achillea millefolium Proa has been investigated. The extracts were analyzed by spectrophotometric methods. The influence of the extraction time and the solvent on the yields of total extract (TEC), total phenolic compounds (TPhC), flavonoids (FC) and sesquiterpene lactones (SLC) has been studied. It was found that TEC and TPhC increased with increasing the solvent polarity in order CHCl 3 , MeOH and 80% MeOH. The extraction with MeOH gave maximum amount of flavonoids, while the SLC was found to be almost equal in all used solvents. UAE for 60 min and MAE for 60 s afforded higher or almost equal TEC, TPhC and FC than those obtained by CE for 24 h. The best extraction of sesquiterpene lactones was achieved with CHCl 3 for 20 min of ultrasound treatment and 20 s of microwave irradiation.
Achillea millefolium Proa is a tetraploid cultivar of yarrow rich in proazulenes and dominating in the field of commercially available plant material for the drug "Herba Millefolii" [1] . Yarrow (A. millefolium) is well known medicinal plant, widely used in folk medicine for treatment of gastrointestinal, hepatobiliary, and gynecological disorders, against inflammation and for wound healing [2] . Different studies reported that the anti-inflammatory effect is attributed to the presence of azulenogenic sesquiterpene lactones [3] . Moreover, phenolic compounds (flavonoids and phenolcarbonic acids) are present in the plant and also contribute to the pharmacological activity of yarrow. Thus, flavonoids from yarrow mediate the spasmolytic activity [4] , whereas the choleretic effects are caused by the dicaffeoylquinic acids [5] . Consequently, an effective method for extraction of these biologically active compounds from A. millefolium is important to be developed.
Recently, ultrasound-assisted extraction (UAE) and microwave-assisted extraction (MAE) methods are being widely employed for extraction of various biologically active compounds [6] [7] [8] [9] [10] [11] from different plant matrices with better yield, involving less amounts of solvents compared to conventional methods. However, to the best of our knowledge, the effect of MAE and UAE methods are not reported for the extraction of bioactive compounds from A. millefolium.
In the present communication, we report a comparative study of UAE, MAE and conventional methods for the extraction of phenolics, flavonoids and sesquiterpene lactones from cultivar A. millefolium Proa. The effectiveness of different extraction methods was evaluated on the bases of the quantity of these types of secondary metabolites. Thus, the total phenolic content (TPhC) was settled by the Folin-Ciocalteu assay and expressed in gallic acid equivalents [12] equivalents [13] . The sesquiterpene lactone content (SLC) was determined by IR method [14, 15] and expressed in matricin equivalents. CHCl 3 , MeOH and 80% MeOH, generally employed in selective extraction of sesquiterpene lactones, flavonoids and phenolics have been used as extracting solvents, keeping the solid / solvent ratio constant c.a. 0.05 g/mL.
Initially, the kinetics of the extraction using MeOH as a solvent for 5, 10, 20, 40 and 60 min of ultrasonic treatment was studied ( Figure 1A ). The total extract content enhanced rapidly up to 12.37% for the first 20 min of ultrasonic irradiation and then slowly increased up to 13.64% for 60 min. Further, it was found that the optimum extraction time varied for the different types of active compounds. The total phenolic and flavonoid contents increased with extending the extraction time, while the sesquiterpene lactone content slowly decreased in MeOH after 20 min.
Similar results were observed when extraction was performed with MeOH under microwave irradiation (power 400 W) for 10, 20, 40 and 60 s ( Figure 1B) . As can been seen, the total extract content rose up to 12.88% only for 10 s of microwave irradiation and then slowly increased up to 13.28% for 60 s. The optimum extraction time also depended on the active compounds. Thus, the total phenolic and flavonoid contents increased with extension of microwave irradiation time, while the amount of sesquiterpene lactones decreased after 20 s.
The next experiment concerned the solvent effect on the extraction process. As can be seen from Figure 2 , Extraction methods
Conventional extraction (CE):
Maceration was performed at room temperature with MeOH, 80% aqueous MeOH and CHCl 3 . Plant material (0.5 g) was extracted with the corresponding solvent (10 mL) for 24 h. Further, the extracts were filtered and solvents were removed under vacuum. Concentrated extracts were re-dissolved in MeOH to get a sample solution of approximately 0.6 mg/mL. Each extraction experiment was performed in triplicate.
Ultrasound-assisted extraction (UAE):
UAE experiments were carried out in a ultrasonic bath (UST5.7-150, SIEL, Bulgaria). Plant material (0.5 g) was extracted with MeOH (10 mL) in an Erlenmayer flask and put in ultrasonic bath for 5, 10, 20, 40 and 60 min. The temperature was kept constant (25±1 o C) by periodical adding of ice in the bath. The extracts were worked up as described in Section 1. The UAE experiments were also performed with 80% MeOH and CHCl 3 for 20 and 60 min at 25±1 o C. All experiments were repeated three times.
Microwave-assisted extraction (MAE):
The experiments were performed with a multimodal household microwave oven (KOR-6C2B, Daewoo) at 400 W. The plant material (0.5 g) was mixed with MeOH (10 mL) in a roundbottom flask and exposed to microwave irradiation (irradiation cycle: 10 s power on, followed by 30 s power off) for 10, 20, 40 and 60 s. Superboiling of the solution did not occur.The extracts were worked up as described in Section 1. The MAE experiments were also performed with 80% MeOH and CHCl 3 for 20 and 60 s. All experiments were repeated three times.
Analyses of biologically active compounds
Determination of total extract content (TEC): The corresponding extract was evaporated under reduced pressure to dryness and a constant weight. The determination of the total extract contents from the plant material was calculated from the mass of dry extract and the mass of initial dried plant. For each extract, three measurements were performed.
Determination of total phenolic content (TPhC):
TPhC in plant extracts was determined by FolinCiocalteu method [12] and expressed as mg of gallic acid per gram of the dry plant material. For each extract, three measurements were performed.
Determination of flavonoid content (FC): FC in plant extracts was determined according to the colorimetric assay [13] and expressed as mg of rutin per gram of dry plant material. For each extract, three measurements were performed. 
